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(57) ABSTRACT

An MOS device where the avalanche breakdown
strength may be increased without decreasing the on-
resistance of the device is provided by decreasing the
width of a high impurity concentration area in contact
with one of the two electrodes to increase the curvature
of the deepest part of the well region.

2 Claims, 2 Drawing Sheets




U.S. Patent = Aug. 27, 1991 Sheet 10£2 5,043,779

8 S

r yF = -
'.'“ » - - '. *
- s T & & . ’ s * =
“ l'."i
L |
]
|

.
.-
' ¥

T P ————



U.S. Patent Ailg. 27, 1991 Sheet 2 of 2 . 5,043,779

I\i
NN
SN
T
SN

I
j A L -

i
H
\
2\
0
H

I » ]
“i.'i‘ ., v ¢ :' -t v d :
L
'--l ’ o . . . e, LI
. a T » .‘ 8 A g )
"o * . ay = -
" . ™ ..t -
’ s *E Yo e Tw 0 *
& » * o’ 4 e na * *e
. LT = r "- # » " .. v .
. . r 4 T % & - . ‘ * g
. . - ] | ]
- & & - :- '
i L ]
:;. . et
. " & A
. L-. s e T
‘ £ L] a B
' g " -
e g ¥ ™ "8 & - s 11 @ -t .
PO b [ = L A .
L BN .."- .' fI" ‘.:‘.‘ * | | * -’.‘

:‘_ =
4
2 ~S



15,043,779

1
METAL OXIDE SEMICONDUCTOR DEVICE
WITH WELL REGION

FIELD OF THE INVENTION 5

The present invention relates to a MOS device with
muitiple MOS structures distributed on the surface of
the same semiconductor substrate.

BACKGROUND OF THE INVENTION 10

In a conventional Metal oxide semiconductor field
effect transistor (MOSFET) or insulated gate bipolar
transistor (IGBT), the MOS structures are distributed
on one face of the semiconductor substrate to control ;s
the main current flowing between two electrodes on
opposing faces of the substrate. FIG. 2 shows a part of
such an MOS device. The MOSFET structure has p-
type channel areas 2, distnibuted on the surface of the
n-type base area 1 of the silicon substrate. The portion 20
of the base area 1 which is exposed in relation to the
gate 5, lies between the p-type channel areas 2, forming
a p+ well 3 at the center of the channel area 2. Located
at the periphery of the exposed base area is the n+
source area 4. The gate § consists of polycrystal silicon 25
and is generated through the gate oxide film to form the
channel in the part between the source area 4 and the
base area 1. The source electrode 8, insulated from the
gate 5 by the insulating layer 7, 1s in contact with both
the p+ well 3 and the source area 4. 30

The p+ well 3 lowers the contact resistance between
the source electrode and the channel area, and makes it
more difficult to activate the parasitic NPN transistor
consisting of the n+t source area 4, p-type channel area
2, and n-type base area 1. In this semiconductor device, 3°
applying the reverse bias to the PN junction between
the n-type base area 1 and the p-type channel area 2, and |
between the n-type base area 1 and the p+ well 3, gener-
ates a depietion area 10, indicated with a dotted line in
FIG. 2. This is accomplished by applying a voltage
across the electrode in contact with the n+ layer on the
opposite side of the base area 1, or with the p+ layer on
the outside of the nt layer and the source electrode 8.
When the reverse bias is sufficiently high, a breakdown
occurs in this PN junction, and diffusion in the p+ well
3 1s deeper with respect to the p-type channel area 2.
Consequently, avalanche breakdown occurs at the tip
of the p+ well 3. This suppresses current into the para-
sitic bipolar transistor, or, if that current flows, it 1s 50
difficult to turn on the transistor because of the low base
resistance of (he transistor. When the parasitic transistor
is activated, although a large current flows through the
PN junction lowering the avalanche breakdown
strength, the avalanche breakdown strength can be s
increased since the avalanche breakdown, which occurs
at the tip of the p+ well, makes it more difficult to
activate the parasitic NPN transistor.

When diffusion in the p+ well 3 1s deep, the base area
must be thick or its resistance high to maintain the ava- g
lanche voltage, i.e., the voltage above which break-
down occurs, between the p-type channel area 2 and the
n-type base area 1, and between the p+ well 3 and the
n-type base area 1. This causes two problems. One is
that the activation resistance (Rps(ony) increases when 65
the MOSFET formed on the surface is turned on. The
other is that the diffusion time to deepen the diffusion
must be longer.

45

2
SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
metal oxide semiconductor device that can increase the
avalanche breakdown strength, i.e., increase the point at
which breakdown occurs, by narrowing the width of
the high impurity concentration well region, while not
increasing the activation-resistance of the MOSFET
formed on the surface, and also not requiring a long
diffusion time.

The present invention is an MOS device which
forms, on the same semiconductor substrate, a plurality
of structures disposed on and embedded in a base area of
a first conductivity type, arranged in an equally spaced
array contiguous with a first surface of the base area.
Each structure contains a channel area of a second
conductivity type, also contiguous with a first surface
of the base area, such that the spacing between two
consecutive channel areas in two consecutive structures
1S less than the width of one of the channel areas. Also
contained 1n each structure is a well region of the sec-
ond conductivity type, having a high impurity concen-
tration relative to the channel area, extending into the
base area to a greater extent than the channel area.
Located near the periphery of the channel area is a
substantially annular source area of the first conductiv-
ity type. The source area has an outer dimension less
than that of the channel area, and extends into the base
area to a lesser extent than the channel area. A gate 1s
disposed through a layer of gate oxide film on the sur-
face of each structure. A source electrode is also dis-
posed on the surface of each structure.

In accordance with the invention, the width of the
channel area and the width of the source area have
certain dimenstons to obtain the desired activation char-
acteristics of the MOSFET formed on the surface. De-
creasing the width of the channel area makes the width
of the high impurity well narrower. When the well
region 1s made narrower, the curvature at the deepest
part of the well region 1s larger. This deepest part has an
avalanche breakdown when the reverse bias is applied
between the base area and the channel area, or between
the base area and the well region. At that point, current
flows into the deepest part of the well region. This
suppresses the current from flowing into the parasitic
bipolar transistor, making it difficult to turn the transis-
tor on. The result 1s an enhanced avalanche breakdown
strength, Alternatively, using the ring-shaped well,
shown in FIG. 3(b), on the otherwise similar MOS
device has the same effect by increasing the curvature
in the deepest part of the well region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is_ a sectional view of an embodiment of the
present invention;

FIG. 2 1s a sectional view of a conventional MOS
device; and |

FIG. 3(a) and (b) show a second embodiment of the
present invention; (a) is a perspective plan view, and (b)
is a sectional view of the A-A line. -

DESCRIPTION OF PREFERRED EMBODIMENT

FIG. 1 shows an embodiment of the present inven-
tion, an MOS device with an avalanche voltage of 500
V. The parts in FIG. 1 common to those in FIG. 2 have
the same reference numbers. FIG. 1 shows the same

- structure as FIG. 2, except for the shorter spacing b

between two p-type channel areas 2, that is, b is approx-



5,043,779

3

imately 70% of the width of one channel area. This
results in an increase of the curvature at the tip of the
pt well 3. When a reverse bias is applied between the
n-type base area 1 and the p-type channel area 2, and
between the n-type base area 1 and the p+ well, the well
‘region has a high field concentration. Therefore, with-
out deepening the p* well 3, the avalanche breakdown
can occur at the tip of the p+ well 3 to suppress current
from flowing into the parasitic bipolar transistor.

FIGS. 3(a) and (b) show a second embodiment of the
present invention. The parts common to those in FIG. 1
have the same reference numbers. As indicated with
diagonals in the plan in FIG. 3(b), the p+ well 3 is an
angular ring. This shape is effective in increasing the
curvature of the p+ well tip. Therefore, avalanche
breakdown occurs at that tip in the same manner as in
FIG. 1.

The present invention can also be embodied in the
p— channel semiconductor device of opposite conduc-
tivity types. |

I claim: |

1. A metal oxide semiconductor device comprising:

(a) a semiconductor substrate,

(b) a base area of a first conductivity type disposed on

a first surface of the substrate,

(c) a plurality of structures disposed on and embed-

ded 1n the base area, arranged in an equally spaced
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array contiguous with a first surface of the base

area, each of which comprises:

(1) a channel area of a second conductivity type
also contiguous with the first surface of the base
area, wherein the spacing between two consecu-
tive channel areas in immediately adjacent struc-
tures 1s less than the width of one of the channel
areas, - |

(11) a well region of the second conductivity type
having a high impurity concentration relative to
the channel area, disposed in the center of the
channel area extending into the base area to a .
greater extent than the channel area,

(ii1) an annular source area of the first conductivity
type, located within the periphery of the channel
area, said source area having an outer dimension
less than that of the channel area, and extending
into the base area to a lesser extent than that of
the channel area,

(d) a gate through an insulating film disposed on the -
surface of each structure,

(e) a source electrode disposed on the surface of each
structure, wherein the well region is a ring-shaped
area surrounding the center of the channel area.

2. A device according to claim 1, wherein the spacing

between two adjacent structures is approximately 70%

the width of one channel area.
E X E x -



	Front Page
	Drawings
	Specification
	Claims

